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P.W.K. Ng,1 S.J. Hollingsworth,1* H. Luery,1 T.J. Kumana1 and E.J. Chaloner2Departments of Surgery, 1The Royal Free and University College Medical School, The Middlesex Hospital,
Mortimer Street, London W1T 3AA, and 2University Hospital Lewisham, Lewisham High Street, London
SE13 6LH, UKObjectives. To assess if exercise training improves the symptoms of intermittent claudication by improvement in
cardiopulmonary fitness.
Methods. Claudication distance (CD), maximum walking distance (MWD), calf endurance (repetitive heel raises),
cardiovascular fitness (VO2 peak), and ankle-brachial pressure index (ABPI) were measured in 16 subjects with intermittent
claudication before, and following an 8-week treadmill training programme.
Results. Training resulted in a median increase in CD of 65.5 m (p!0.01), MWD of 339.5 m (p!0.001) and HR of 19
(p!0.03). Notably, improvements in MWD correlated with those in HR (pZ0.001; RZ0.75). There was no training-
associated change in VO2 peak (median increase of only 0.35 ml/kg/min; pZ0.60) or ABPI (median increase of only 0.01;
pZ0.64).
Conclusion. In this study, overall improvement in claudication was not related to an improvement in cardiopulmonary
fitness.Keywords: Intermittent claudication; Exercise training; Cardiovascular fitness; Maximum walking distance; Heel raises.Introduction
Intermittent claudication is a common condition
affecting up to 20% of the UK population over the
age of 75.1 The recognition that exercise training
improves the symptoms of intermittent claudication
has led to exercise becoming the mainstay of treatment
in those with mild to moderate symptoms, allowing
significant increases in walking distance and improv-
ing overall quality of life.1 The mechanism by which
exercise improves walking distance is not fully under-
stood, but is likely to be multi-factorial.2 One
mechanism suggested to bring about these improve-
ments is an exercise-related improvement in cardio-
pulmonary fitness.3,4 However, as a causative
mechanism, this has not been widely investigated orng author. Dr Simon John Hollingsworth, BSc (Hons),
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the role of changes in cardiopulmonary fitness in
increasing the walking distance of claudicants with
mild to moderate symptoms following a period of
structured exercise training.Materials and Methods
This study was approved by the Joint UCL/UCLH
Committees on the Ethics of Human Research.
Written, informed consent was obtained from all
participants. Sixteen subjects (6 F:10 M; median
(range) age, 69 (57–83) years) with mild to moderate
IC (assessed clinically with the presence of arterial
stenoses or occlusions confirmed on duplex scan) were
recruited. All subjects were free from co-existing
morbidities such as severe cardiac and respiratory
disease, arthritis of the lower limbs and degenerativeEur J Vasc Endovasc Surg 30, 391–394 (2005)
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completed an 8-week period of supervised training
on a treadmill, involving three training sessions per
week. Each training session consisted of 10 walks of
90 s each, with a 90 s rest period in-between. The
treadmill speed and gradient was set at a level to
produce a moderate degree of claudication pain by the
end of each walk; this was determined by an initial
assessment (prior to training) of distance to onset of
claudication pain (CD). The treadmill was then set to a
speed so that the measured CD was reached in 90 s. A
fixed exercise duration was chosen to standardise the
cardiovascular effects of training. For some individ-
uals (nZ3) with more mild symptoms, this required a
speed that was unacceptably high. For these subjects,
speed was set as high as the individual could tolerate
(w5 km/h) and the gradient increased accordingly for
each subject to generate claudication pain within the
time specified. As a subject’s symptoms improved
with training, treadmill speed and/or gradient were
increased to continue to stimulate claudication pain.
CD, distance to stopping due to claudication pain
(maximumwalking distance, MWD), number of repeti-
tive heel raises to exhaustion (HR), resting ankle-
brachial pressure index (ABPI) and cardiopulmonary
fitness were measured before the start of training and
subsequently, following completion of the 8-week
exercise training program. All testing parameters were
kept the same for each testing period. Walking (CD,
MWD) tests were performed on a cardiokinetics medi-
track treadmill with the speed set to each subjects’
normal walking speed, and the gradient at 1%.
Repetitive HR (standing on tip toes) have previously
been suggested as a means of assessing peripheral
arterial disease, andwere performed at a rate of 20/min
until subjects were forced to stop due to calf pain.5
Cardiopulmonary fitness was assessed by measuring
peak oxygen uptake (VO2 peak) and maximum heart
rate during an incremental exercise protocol on a cycle
ergometer (Lode Rehcor), with the subjects encouraged
to exercise to their limits. Breath-by-breath analysis of
expired gases was performed using a gas analyser
(Cardiopulmonary Diagnostic Systems, Med Graphics).
Graphical and statistical analyseswere performedusing
Graphpad Prism 4 and SPSS. Comparison of factors
before and after training was made byWilcoxon signed
rank tests,with statistical significant accepted at p!0.05;
all results are presented as median values with range in
parenthesis.Results
Sixteen subjects were enrolled for the trial, with allEur J Vasc Endovasc Surg Vol 30, October 2005completing the 8-week exercise training program. On
duplex scan, three subjects had isolated iliac disease,
seven subjects femoral artery disease, two subjects
crural vessel disease and four subjects multi-level
disease (two femoral/crural, one iliac/crural, one
iliac/femoral). Following exercise training, CD
improved from 103 (23–445) to 247 (50–680) m (p!
0.01; Fig. 1(A)), MWD from 252 (58–1700) to 678 (110–
2700) m (p!0.001; Fig. 1(B)), and HR from 45 (8–204)
to 72 (18–208) (p!0.03). However, although all
markers of walking ability demonstrated improve-
ment, there was little or no change in cardiovascular
fitness with VO2 peak (13.2 (8.7–22.4) and 13.8 (4.0–
21.1) ml/kg/min, respectively, ‘before’ and ‘after’
training; pZ0.60; Fig. 2(A)), and maximum heart rate
(119 (94–176) and 114 (98–165); pZ0.60) both
unchanged. ABPI also remained largely unaltered
(0.81 (0.36–0.93) and 0.81 (0.58–0.97); pZ0.64;
Fig. 2(B)). Furthermore, blood pressure, resting heart
rate and subject weight also remained unaltered
following training. Notably, the percentage improve-
ments in MWD correlated to those for HR (p!0.001;
Pearson’s correlation coefficient RZ0.75).Discussion
The mechanism underlying the improvements in
symptoms of intermittent claudication following
exercise training is unclear, although one suggestion
is that these are related to an associated improvement
in cardiopulmonary fitness.2,4 We have examined this
potential association in a short study of 16 subjects
with mild to moderate intermittent claudication
following an 8-week treadmill training programme.
Changes in markers of walking ability were measured
by CD andMWD, and cardiovascular fitness bymeans
of VO2 peak and maximum heart rate.
6
In our study, exercise training resulted in significant
improvements in CD andMWD (Fig. 1) demonstrating
an overall improvement in walking ability. Of the 16
subjects examined, 14 improved CD and all 16
improved in MWD (albeit by small amounts in
some). Although two subjects demonstrated particu-
larly significant improvements in CD and MWD, if
their values were excluded from the overall analysis,
the results of training were still significant (p!0.02 for
CD and p!0.01 for MWD). In addition, there was no
identifiable factor, either on vascular laboratory
investigation or on clinical assessment that could
predict a patient’s response to training. These
improvements in walking ability were not associated
with an increase in VO2 peak or maximum heart rate
that would be expected if the improvements were
Fig. 1. Walking ability with exercise training. Changes in CD (A), MWD (B) and HR (C) from before (closed circles) to after
(open circles) an 8-week exercise training program. CD and MWD are measured in metres (m); points represent actual,
individual values.
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in cardiopulmonary fitness. Furthermore, ABPI
remained unaltered by training suggesting that there
had not been a significant alteration in ankle
perfusion. Training also did not produce any alteration
in subject weight, resting heart rate or blood pressure,
again supporting the observation that improvements
in walking ability were unrelated to cardiovascular
fitness. Changes in muscle metabolism, reduced
inflammation and improved endothelial function are
more likely to be responsible for the exercise induced
improvements.2,7
Our results apply only to this training programme,
so it is possible that alterative training regimensgeared more towards improving cardiopulmonary
fitness would also produce increases in walking
ability. For example, general exercise training with
arm-crank exercises can result in improvements in
cardiovascular fitness and walking ability in claudi-
cants.4 However, in such programs it is difficult to
separate the ‘improved fitness’ effect of training from
another potential factors such as improved muscular
efficiency/oxygen usage.
Although not previously reported, exercise training
also led in our study to a significant increase in the
number of repetitive HR that could be performed.
Furthermore, the percentage increases in HR corre-
lated directly to those in MWD. Therefore, ifEur J Vasc Endovasc Surg Vol 30, October 2005
Fig. 2. Cardiovascular fitness and ABPI with exercise
training. Changes in VO2 Peak (A) and ABPI (B) from before
(closed circles) to after (open circles) an 8-week exercise
training program. Points represent actual, individual VO2
peak values (measured in ml/kg/min), or individual ABPI
ratios.
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Eur J Vasc Endovasc Surg Vol 30, October 2005confirmed in larger-scale studies, assessment of the
number of repetitive HR could function as a simple
and fast method to objectively gauge a patient’s
(claudication) symptoms without the need for more
extensive exercise testing.References
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